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ABSTRACT 
Seasonal Utilization of Sago Pondweed by Waterfowl at 
Bear River Migratory Bird Refuge, Utah 
by 
Michael R. Ste rling, Master of Science 
Utah State University, 1970 
Major Professor: Dr. Jessop B. Low 
Department: Wildlife Resources 
xi i 
Seasonal utilization of sago pondweed (Potamogeton pectinatus L. ) 
by waterfowl was studied at Bear River Miqratory Bird Refuge by 
comparing amounts of sago production on a series of plots on Unit Four. 
One plot was available to carp and waterfowl; one only to carp; and 
one available to neither. 
The cage used to eliminate carp and waterfowl use of a plot 
caused a significant increase in sago production. The increase was 
attributed to less turbidity and less wind and wave action within 
the cage. 
Carp distribution was limited to deep-water portions of Unit 
Four, a small area, and they had no significant effect on sago 
production. Therefore, sago production from carp and open plots 
was compared to determine utilization of sago by waterfowl . 
Waterfowl utilization of sago in summer and spring was not 
significant; however, 52 percent of the tuber crop was used by 
waterfowl in fall. The method of study did not allow detection of 
wate rfowl use of windrowed or submersed seed. 
I 
Water depths between 2 and 10 inches had little or no effect on 
waterfowl use of tubers in fall; however depths between 5 and 14 
inches in spring and 4 and 13 inches in summer may have prevented 
full use of tubers. 
Tubers were most available to ducks in the first 6 inches of 
soil but were utili zed to 8 inch depths. 
xi ii 
A series of 50 foot-square pens (2,500 square feet) were stocked 
with semi-domestic mallards to determine the effect of certain levels 
of utilization on sago growth. Sa qo seemed tc recover well after 
heavy spring utilization. Results concerning the effect of summer 
utilization on production were not conclusive. Sago recovered well 
in spring after waterfowl had consumed 52 percent of the tuber crop 
the previous fall . 
(134 pages) 
INTRODUCTION 
Sago pondweed (Potamogeton pecttnatua L.) is considered a very 
important waterfowl food (McAttee, 1917; Metcalf, 1931; Pirnie, 1935; 
Martin and Uhler, 1939; and Martin, Zim, and Nelson, 1961). The 
plant is abundant at Bear River Migratory Bird Refuge and may provide 
waterfowl an important food sou rce . Wetmore (1921) stated sago 
pondweed to be an important food source at the refuge . HO\~ever, 
Bellrose (1941) found sago rated low as a waterfowl food in the 
Illinois River Valley, and Craner (1964) implied sago had little 
value as a waterfowl food plant at the refuge . 
Pro or con, little quantitative evidence exists concerning the 
value of sago to waterfowl at the refuge. Accordingly, the objectives 
of this study were: 
(1) To determine seasonal utilization of sago pondweed by waterfowl. 
(2) To determine the effect of certai n degrees of waterfowl use 
on sago pondweed producti on. 
(3) To determine how depth of tubers in soil and wa ter levels 
affect waterfowl use of sago pondweed tubers. 
THE STUDY AREA 
The marshes of the Great Salt Lake were, historically, used by 
huge flocks of wate rfowl . John C. Fremont and Howard Stansbury, 
while exploring the Great Basin in the mid-eighteen hundreds, noted 
abundant waterfowl populations. 
In reference to the mouth of the Bear River: 
The whole morass was animated with multitudes of 
waterfowl, whi ch appeared to be very wild--rising 
for the space of a mile round about at the sound 
of a gun, with a noise like distant thunder. 
(Fremont, 1851, p. 195 ) 
In reference to a po r tion of the Great Salt Lake near Promontory 
Point: 
. . [The lake was] covered by immense flocks of 
wild geese and ducks, among which many swans were 
seen . . . I had seen la rge flocks of these birds 
before . .. but never did I behold any thing [sic] 
like the immense numbers here congregated together. 
Thousands of acres, as far as the eye could reach, 
seemed literally covered with them ... (Stansbury, 
1853 , p. 100) 
With the onslaught of drought and agriculture in the Sa lt Lake 
Valley, the vast Bear River Marshes were reduced to mudflats and 
stagnant, alkaline pools. Concurrent was the outbreak of avian 
botulism that killed an estimated 7 million waterfowl between 1910 
and 1925 (Behle, 1958). 
Public conce rn brought Ale xande r \4etmore, an agent of the United 
States Biolog1ca l Survey, to study the "duck sickness." He saw the 
3 
potenti al of the area as a refuge and expressed his opinion repeatedly. 
In 1928, Congress authori zed constr uct i on of the Bear River Migratory 
Bird Refuge . The refuge was of fic i ally established in October, 1932. 
The refuge has had add i tional area added since inception and now 
comprizes about 64,000 acres (Beh le, 1958) . Refuge headquarters is 
about 15 mi 1 es west of Br igham Ci ty, Utah (Figure 1 ) . 
Physical and Bi olog i cal Characteristics 
The Refuge 
Bird life was abundant and varied. Principal waterfowl species 
were the pintail (Anas aauta ), gadwall (A. strepera ), green-winged 
teal (A. aarolinensis ), cinnamon teal (A. ayanoptera ), mallard (A. 
platyrhynahos), American widgeon (Mareaa americana ), redhead (Aythya 
americana ), canvasback (A. valisineria ), lesser scaup (A. affinis), 
and ruddy duck (Oxyura jamaiaensis ). 
Canada geese (Branta aanadenis ) formed a substantia l nesting 
population. Snow geese (Chen hyperborea ) and whistling swan (Olor 
aolumbianus ) were found on the refuge during spring and fall. 
Principal marsh plants were alkali bulrush (Sairpus paludosus 
A. Nels .) hardstem bul rush (Sairpus aautus Muhl .), saltgr_ass 
(Distiahlis striata Ton.), cattail (Typha spp.), and common reed 
(Phragmites communis Trin. ) . Aquatic vegetation consisted of sago 
pondweed (Potamogeton peatinatus L. }, small pondweed (P. pusillus L. }, 
threadleaf pondweed (P. filiformis Pers . ), widgeongrass (Ruppia 
maritima L. }, horned pondweed (Zaniahellia palust r i s L. ), coontail 
(Ceratophyllum demersum L. ), and muskgrass (Chara sp.). 
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The main water source was the Bear River. Lesser tributaries 
were Salt Creek and the Malad River. 
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Soils in the units genera ll y consisted of a shallow layer of silt 
over a l ayer of clay or clay loam of variable depth, followed by a 
calcium hardpan (Craner, 1964) . Si lt deposits were found along the 
old river channels and channels supplying the units with water. 
Soil profiles of the units varied considerab ly over the refuge. 
Unit Four 
The study was conducted on Unit Four. It had an area of about 
5,000 acres, of which 2,700 acres were open water (Figure 2). 
Hardstem bulrush occurred on the main dike of the unit, its 
northeast corner, and along channels supplying water to the unit. 
Saltgrass mixed with stands of a lkali bulrush occurred north of the 
open water area. Aquatic vegetation consisted mainly of sago pondweed 
mixed with lesser amounts of smal l pondweed and a trace of horned 
pondweed. Dense stands of chara were found in the southwest corner 
and sparsely throughout the rest of the unit. A dense stand of 
widgeon grass occurred near the unit's west dike (Table 1). 
The water was saline . Conductance readings by Craner (1964) 
showed averages of 2,311 p.p.m. (parts per million), for September. 
Soil salinities ranged from 6,000 p.p .m. in spring to 7,500 p.p.m. 
in fa 11 (Craner, 1964). 
The soil profile in Unit Four consisted of a shallow layer of J 
silt, followed by a layer of clay or heavy clay, underlain by a calcium 
hardpan . The northeast corne r of the unit was covered with a heavy 
1 aye r of s i 1 t . 
6 
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Table 1. Survey of the aquat1c vegetat1on of Un1t Four , Bear R1 ver 
Migrato ry Bird Refuge, summe r , 1968 . 
Potomogeton Zanichelia 
pect Lnatz.s p puo'Z-U.,s Chara sp . palustris 
Transect Percent by Percent by Percent by Percent by 
and Plot Set Volume Volume Volume Volume 
1-1 90 10 
1-2 80 20 
l-3 29 71 
l-4 60 40 
1- 5 80 20 
1-6 100 Trace 
1-7 100 Trace 
1-8 100 
2-1 67 33 
2-2 88 12 
2-3 89 11 
2-4 86 14 
2-5 78 22 Trace 
2-6 80 20 Trace 
2-7 63 37 
2-8 100 Trace 
3- l 100 Trace 
3-2 78 22 
3-3 80 20 
3-4 100 Tface 
3-5 100 TraLe 
9 
Table 1. Cont1nued . 
Po~omogeton Zaniohelia 
peor;inatus P. pus t l!.us Chura sp . paZuBt1'1-B 
Transect Percent by Percent by Percent by Percent by 
and Plot Set Volume Volume Volume Volume 
3-6 100 Trace 
3-7 50 50 
3-8 100 
4-1 71 29 
4-2 89 11 Trace 
4-3 90 10 
4-4 83 17 Trace Trace 
4-5 57 43 
4-6 84 16 Trace 
4-7 100 Trace 
4-8 57 43 Trace 
5-1 33 22 45 Trace 
5-2 55 45 Trace Trace 
5-3 36 36 28 Trace 
5-4 77 23 Trace 
5-5 57 43 Trace Trace 
5-6 80 20 
5-7 80 20 Trace Trace 
5-8 23 31 23 23 
6-1 67 33 Trace Trace 
6-2 55 18 27 Trace 
6-.l 6J 25 12 Trace 
10 
Table 1. Continued. 
Potomoger;cn ZaniaheUa 
pGannatus P. pusiUus Cha.ra sp. palus tris 
Transect Percent by Percent by Percent by Percent by 
and Plot Set Volume Volume Vo 1 ume Volume 
6-4 45 45 10 Trace 
6-5 56 11 33 Trace 
6-6 42 11 47 Tra ce 
6-7 44 Trace 56 Trace 
6-8 10 Trace 90 Trace 
More complete informat ion regardi ng history and phys i cal and 
biologi cal characteristics of the refuge may be found in an anonymo us 
publi cation by the Bureau of Sport Fisheries and Wild li fe (1968), 
also Murphy (1968), Gabrielson (1943), Behle (1958) , Craner (19 64) , 
Jensen (1940), Christ1ansen (1962), Wetmore (1918, 1921, 1923), and 
Williams and Marshall (1937, l938a, 1938b, and l938c ) . 
REV IEW OF THE LITERATURE 
Few studies of waterfowl toad utilization exist. Most works 
concerning co nsumpt1on of waterfowl foods are food habits studies 
(McAttee, 1911, 1917 and 1922; Mabbott, 1920; Cottam, 1939; Martin 
11 
and Uhler, 1939; Cottam, Lynch and Nelson, 1944; Bellrose and Anderson, 
1943; Madsen, 1954 ; Sparck, 1958; Anderson, 1959; and Martin, Zim and 
Ne 1 son, 1961) . 1 ' 2 Many techniques used to determine utilization of 
range forage were used in my study. Therefore, a review of those 
techniques was app ropr1ate . 
Range Forage Utilization Studies 
The food habits studies mentioned above were concerned with 
determin i ng proporti ons of foods consumed and provided no information 
on food utilization . However, several studies of forage utilization 
have been published. 
Utilization determined by we1ght 
Heady (1949) and Brown (1954) stated utilization was most 
accuratel y determined by estimating weight remova l . Occular estimation 
1utilizat ion is the amount of a food consumed expressed as a 
percent of the standing crop of that food (Cook and Stoddart, 1953, 
and the Society of American Foresters, 1944) . Food habits refers to 
proport ions of foods consumed . 
2see Append1x B for a part1al bi bl 1ography of waterfowl food 
habits publ1cations . 
of weigh t removal from series of plots was discussed by S. E. Aldous 
(1945} and Brown (1954). Dasmann (1948) described the method as 
determin ing plant he i ght or weight removed from i ndividual plants 
or groups on a series of plots . 
12 
Reconnaisance has been used to determine big game range utilization 
and condition (Hancock, 1955, and Dunkeson, 1955) . Dasmann ( 1948) 
described the method as determining ut ili zation by estimating total 
plant height, weight, or volume removed from extensive areas. 
Reconnaisance lacked suffic ient accuracy to warrant use when ran ge 
condition was critical or accurate esti mates of ut ilization were needed 
(Brown, 1954). 
Cassady (1941), Cook (1947), and Green (1948) determined range 
forage utilizati on by clipping plant units before and after animal use. 
A plant unit was any disti nct po r t i on of a plant . Differences in weight 
between the before and after vegetation samples were attributed to 
animal use . Cook (1947) found the method gave sampling error of less 
than 7.5 percent. Green (1948) stated the method gave sampling errors 
of less than 10 percent . A moderate i ncrease of sample size reduced 
sampling error to less than 5 percent . 
Hilmon (1955) mod i fied the before-and-after technique to determine 
browse utilization by dee r in enclosures . He selected three components 
(plant units): (1) a "before grazing component," sampled before grazing, 
(2) a "protected component," protected from use by a wire cage, and 
(3) an "after graz ing component," left to be grazed. Differences 
between weights of the before and after grazing components were 
att ributed to dee r use Th1s dlfference dn1ded by the weight of the 
protected component was the percent utilization. Hilmon found the 
number of samples required to measure utilization within 3 percent 
of the mean was not prohib1t1ve . 
Flook (1955), us ing before-and-after sampling of plant units 
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to determine browse ut1lizat1on by deer in enclosures, found the 
technique did not work 1n a small and vegetatively heterogeneous area. 
He also experimented with a "half-and-half" technique. A series of 
circular plots was selected within enclosures. Prior to stocking them 
with deer, half of the avai lab1e browse was clipped from marked branches . 
After removing the deer, Flook clipped the remaining browse from the 
marked branches. Differences between the before and after weights of 
samples were attributed to deer use. Flook found the method accurately 
measured utilization for all plants studied except juniper (JunipePUs 
spp. ) . 
Smith and Gaufin (1950) used similar techniques to determine 
browse utilization by deer in enclosures. Portions of each major 
browse species were clipped and weighed before and after use. 
Differences between before and after weights of vegetation were 
attributed to deer use. 
Everson (1949) exami ned the feasibility of determining forage 
utilization based on vegetation weights befo re and after grazing. 
He establi shed 200, one-square-foot plots in each of six, 100 by 200 
foot enclosures . Three enclosures were stocked with sheep, three 
with deer . Plots were cl1pped before and after use. Man hours effort 
were recorded. Everson concluded the method required too much time 
to measure util1zat1on w1th1n 5 percent of the mean . Determining 
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utilization based on total weight o forage produced per plot required 
524 to 2,774 plant units before grazing, 740 to 4,624 units after 
grazing, and 69 man hours effort . Determining utilization based on 
species production per plot required 1,600 to 29,412 units before 
grazing, 1,764 to 54,756 un i ts after grazing, and 160 man hours effort. 
Determining ut ilization based on individual plant units required 1,024 
to 24,649 units before grazing and 595 to 26,896 units after grazing. 
Factors responsible for large sample sizes were heterogeneity of the 
vegetation and val'iation among sample weights. 
Buechner (1952), in relat i ng elk and deer range utilization to 
population levels, used paired cl ip plots on line transects to determine 
utilization. One of the plots was clipped prior to use, the other 
after use. Differences in vegetation production between plot types 
were attributed to deer and elk use. 
L. G. Webb (1963) used paired plots to determine deer uti l ization 
of domestic forage crops. Vegetation production from a series of 
open and enclosed plots was compared . Differences in production were 
attributed to deer use. 
Currie and Goodwin (1966) determined browse utilization and food 
preference of jackrabbits using occular estimates of utilization and 
before-and-after clipping of browse plants. 
Brown (1954) noted an important aspect i n use of before-and-after 
methods of determini ng ut i lization. If vegetation growth will occur 
during the study period, a pair of plots must be used, one plot 
protected, the other ava1l ab le for use. Plots should be clipped at 
the end of the study to determ1ne plant production differences, 
e.g., Webb (1963). If vegetative growth will not occur during the 
study period, one set of plots should be clipped prior to animal 
use, the other after use. Neither set of plots need be protected 
from use, e.g., Cassady (1941). 
Utilization determined by linear measurement 
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Height/we ight/volume relationships have been used to determine 
forage utilization . The basi c method consisted of constructing curves 
or scales that related grass weight ot height, i.e. scaling. Lommasson 
and Jensen (1943) developed a scale from such a set of curves. In use, 
the zero point of the scale was aligned with the average ungrazed 
height of the grass. Percent utilization was read at the point where 
grazed height of the grass fell on the scale. The estimate of 
utilization was based on the amount of forage left after grazing. 
Collins and Hurtt (1943) also used scaling to determine range 
forage utilization. Average stubble height of qrazed plants and percent 
grazed plants were determined on a series of transects. Stubble 
height was converted , by sca li ng, to percent weight remaining on 
grazed plants. This figure subtracted from 100 percent gave the 
percent use of graze? plants . This figure multiplied by the percent 
grazed stems gave percent utilization. The method was effective in 
determining differences in utilization of 5 percent. 
Valentine (1946) also used scaling to determine utilization, 
but the estimate of utilization was based on the amount of plant 
removed by grazing . 
S. E. Aldous (1938) determined utilization of food by beaver 
us ing height/ weight/volume relationships . The amount of available 
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food was determined for given stump di ameter, crown-stem diameter, and 
diameter-at-breast-he i ght (d . b.h. } classes . Curves relating food 
volume to tree class were developed from this data. For one year, 
trees cut by beaver were measured for stump diameter, crown-stem 
diameter, or d. b. h. , and utilization noted . From this data, Aldous 
determined the potential food available, the percent utilization, and 
the percent of food material wasted . 
Current annual growth (c. a . g. ) measurements have been extensively 
used in big game r-esearch to determine browse utilization ( Jul ander, 
1937; Deen, 1938; C. M. Aldous, 1945; Morton, 1950; Crouch, 1966; 
Thilenuis and Hungerford, 1967; Segelquist and Green, 1968; and Allen, 
1968). The method has also been used by many state game and fish 
departments as a tool i n managing big game herds and their range. 
Th e method consisted of tagging a number of twigs of the current year's 
growth on browse plants. These marked twigs were measured for length 
before and after per1ods of game use. Differences in twig length were 
attributed to game use. Th is difference divided by total length of 
twig production gave percent utilizat~ on . 
Utilization determined by stem count 
Stoddart (1935} determined range grass utilization by counting 
grazed and ungrazed stems. Util1zation was expressed as a percent 
of the carrying capacity in terms of grazed versus ungrazed stems. 
Stoddart assumed the enti re stem was removed when grazed. However, 
Pechanec (1936} demonst rated the assumption was wrong and found the 
method consistently gave high es t1mates of utilization . 
17 
Such counts have also been used to determine browse utilization. 
W. L. Webb (1959) and Stiteler and Shaw (1966) used twig counts to 
determine browse utilization by deer . The method was much the same 
as Stoddart's (1935). Shafter (1963) modified the technique by 
converting twig numbers to dry weight, using the average dry weight 
of twig growth for individual shrub species. Stiteler and Shrauder 
(1964) used similar technique to determine browse utilization by 
deer in Virginia. 
Waterfowl Food Utilization Studies 
Burton (1961 and 1962) studied the food crop available to brant 
(Branta b . bernicla ) along the Essex Coast of England. He determined 
the utilization and carrying capacity of the food crop: Zostera spp. 
and Enteromorpha spp. He determined the density of the food crop, 
its weight per unit area, and its t ota l area. These parameters were 
used to estimate the total available food crop. Daily food consumption 
per goose was determined from previous estimates of food crop 
depletion and the brant population responsible for that depletion. 
The available food crop, daily individual food consumption, and 
estimdtes of the brant population were used to estimate utilization 
and carrying capacity of the food crop. 
Hall (1962) determined waterfowl utilization of acorns on green 
timber reservoirs at Noxubee National Wildlife Refuge, Mississippi. 
A series of mast traps was established on flooded and unflooded areas. 
Hall recorded the number of acorns found per trap, number of sound 
and unsound acorns, number of acorns by species, and weight of the 
acorns . He also noted use of the acorns by animals other than 
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waterfowl . A se ri es of enclosu re s and open plots was established 
on the reservo i rs . Pr oduct1on of aco rns from the mast traps and 
enclosures was compared to production from the open plots to determine 
utilization . Christ i sen and Korschgen (1955) used similar techniques 
to determine wildl i fe utiltzati on of acorns. 
Sincock (1952) determined waterfowl utilization of aquatic 
vegetation at Back Bay, Vi rginia, and Currituck Sound, North Carolina. 
Sevet·al parameters, necessary to determine utilization, wet·e estimated. 
Proportions of va ri ous food consumed were determined from gizzard 
analysis. Sincock est imated each duck daily consumed 10 percent of 
its body weight in food. The weight of a given food eaten daily by 
one duck was estimated by multiplying the proportion of that food in 
the duck's diet by 0.10. 
Censuses were conducted to determine waterfowl populations and 
their tenure in the study area. These statistics were used to determine 
waterfowl-days-use of the study area . Waterfowl-days-use and daily 
consumption of food items were used to estimate amounts of food 
consumed by a population dur i ng 1ts stay at the study area. 
Surveys cond ucted on a seri es of transects provided data on 
vegetation production and composition. Amounts of food consumed by 
waterfowl were related to vegetation production to determine utilization . 
Sincock estimated utilization at 17 . 6 to 24.2 percent during the four 
year study . 
Craner (1964) studied ut i lizat i on and production of sago pondweed 
at the Bea r Ri ve r Mi gratory Bird Refuge, Utah. He determined production 
of sago pon dweed t ube rs, seedheads, and vegetation, but obtained no 
useful data concerning utilizat10n of the plant. His research to 
determine utilization consisted of a small food habits study and a 
penned study. A series of 50 foot- square pens on the Bea r River 
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Club ma rsh were stocked with ducks. Craner sampled vegetation and 
seedheads during waterfowl use of the pens . Tubers were sampled before 
and after use of the pens. He fou nd no significant use was made of 
tubers or vegetation . Seed, however, was used in quant i ty. 
The food habits study was confined to the fall. Gizzards 
from hunter- killed ducks were examined. Ninety-e ight gizzards from 
six species were examined. Sago was not used extensively by any of 
the ducks examined. 
Craner determined production by sampling series of plots 
established on l ine transects. Vegetation production was determined 
by clipping vege tat io n from within a one-square- foot iron frame. 
Samples were placed in paper bags, oven-dried, and weighed . Seedhead 
production was determined by counts of seedheads within a two-square-foot 
wooden frame tossed randomly at the sample site. Tuber production was 
determined with the use of a soil core sampler. The devi ce removed a 
four-inch-d iameter soil core. Successive two-inch sections of the 
core were screened an d tuber numbers recorded. Seedhead and tuber 
numbers were co nverted to units of weight by mu ltipl yi ng numbers by 
average weight. Similar methods were used to determine aquatic 
vegetation and seedhead production by Rickett (1922 and 1924), Hunt 
(1963 ), Low and Bellrose (1944 ) , and Wilson (1935 and 1937). 
St ieg l itz (1966) determined utilization of wa terfowl foods at 
Apalachee Bay, Florida, using methods similar to Sincock 's (1962) . 
Vegetative compos1t1on and production were determined f rom a series 
of transects. Proportions of foods consumed were determined from 
the ana lysis of 14 g1zzards and gullets of diving ducks collected 
from the study area . 
These data were used to correlate feedin g activ1ties w1th 
avai l able foods. Us1ng t1gures for proportions of foods consumed 
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and Sincock's est1mated da 1ly food consumption per duck (10 percent), 
Steiglitz estimated ut1l1zation of the food crop at 32 .3 percent. 
He felt 50 percent of the stand1ng crop could safely be harvested. 
He estimated carrying capac1ty of the area at 7,199,000 duck- us e 
days and 254,000 goose-use days. The reliability of estimates 
prov 'ded from a samp le of 14 glZza rds and gullets 1\'as questionable. 
No bases for the estmates of possible utili zation and carrying 
capaci ty we re g1ven. 
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METHODS AND PROCEDURES 
Transects and Study Plots 
Six line transects spaced at intervals of one-hal f mile were 
established on Unit Four. They· were arranged across the unit from 1ts 
deep to sha ll ow end. Forty-eight sets of study plots, eight sets of 
plots per transect, were randomly established at intervals of 100 to 
500 yards along the transects {Figure 3). 
For the 1966 season each set of study plots consisted of an open 
and an enclosed plot. A cage of 2 inch mesh poultry netting and four, 
6 foot wooden posts protected the enclosed plot from waterfowl use 
(Figure 3). The open plot, as such, was not used after the 1966 
season; instead, the area near a set of plots served as an open plot. 
During the first field season, Unit Four had a high carp population. 
Because carp root out aquatic vegetation in search of animal foods 
(Robel 1961 and 1962, and S1gler , 1958), an additional plot, the carp 
plot, was used during the 1967 season. A cage allowing carp access 
to the plot, while excluding waterfowl, was made of 2 inch mesh poultry 
netting and four, 6 foot wooden posts . The poultry netting was attached 
to the posts so it reached down to water level {Figure 3). All study 
plots, except open plots used after the 1966 season, were 8 feet in 
diameter. 
compared amounts of sago pondweed vegetation, seedheads, and 
tubers from plot types to determine (1) the seasonal utilization 
of sago by waterfowl and (2) the effect of carp on sago production. 
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Figure 3 : The arrangement and construction of the study plots on 
Unit Four of the Bear River Migratory Bird Refuge. 
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Factors considered in determ1ning construction of the cages were 
(1) a size large enough to allow a series of samples to be taken over 
a season of study and yet smal l enough to allow construction of the 
number of cages needed, and (2) construction in a manner to minimize 
changes in micro-climate produced by cages. Cow1ishaw (1951) 
demonstrated vegetative yields from areas protected by cages were 
consistently higher than from unprotected areas. He attributed this 
difference in productivity to higher humidity inside the cages. 
Brown ( 1954), Oaubenmi re ( 1940 ), and Owensby ( 1969) made simi 1 a r 
criticisms of cages. However, Heady ( 1957} found cages did not 
materially influence total vege tative yield. Brown (1954) stated 
roofless enclosures allowed vegetation to grow under more natural 
conditions. To reduce the effect cages might have on sago pondweed 
production in this study, cages were constructed of large mesh, light 
gauge, poultry netting and the top of the cage was left open {Figure 3). 
Vegetation Sampling 
Vegetation was sampled by lowering a one-square foot, iron frame 
into the water and clipping vegetation in it with grass shears. 
Vegetation samples from open plots were taken in a predetermined 
direction and random distance from a point of reference; the lath 
marking plot center in 1966 and one of the other plot types after that 
season. Sampling i n the carp and enclosed plots was started at a 
randomly chosen point and successive samples were taken clockwise around 
the plot. Plants other than sago were removed from the samples. 
Samples were placed 1n labeled paper sacks , air-dried, and weighed to 
the nearest hundredth gram. 
24 
Seedhead Sampling 
Seedheads were counted us1ng a four-square foot wooden frame, 
divided into quarters with string to fac1litate counting. The frame 
was placed over the site chosen for vegetation sampl i ng and numbers of 
seedheads were counted and recorded. 
Tuber Samp l ing 
Tubers were sampled with the soil sampler used by Craner (1964, 
Figure 4). The sampler was thrust into the bottom mud and withdrawn 
to remove a soi l core 4 inches in diameter. Sampling sites were 
selected like t he sites for tuber samplin9. 
Soil cores taken from the study plots were cut into four, 2 inch 
sections and screened for tubers at the sampli ng site. Numbers of 
tubers were recorded by soil depth: 0-2", 2-4", 4-6", 6-8". These so il 
depths will be hereafter referred to as soil levels 1, 2, 3 and 4. 
One soil core was taken per plot each sampling date of the 1966 season; 
thereafter four soil cores were taken from a one-square foot area in 
each study plot each time the plot was sampl ed. The larger sample 
size increased the time needed to sample the study plots, and soil 
cores were placed in labeled plastic sacks for screening in the 
laboratory . 
Establishment of the 50 Foot-square Pens 
A set of 15, 50 foot -square pens (2,500 square feet) was constructed 
on the unit using metal fence posts and 1 inch mesh poultry netting. 
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Posts were driven every 10 feet and poultry netting hung from the 
posts and pushed i nto the bot tom soil (Figure 5). Pens were arranged 
in grid fashion and were 50 feet apa rt (F1gure 5). Shelters and 
loafing sites, consisting of two wooden platforms, were placed 1n 
each pen. 
I compared amounts of sago pondweed from the stocked pens with 
that from control pens to determine the effect of waterfowl use o 
sago on 1ts production. 
Stocking the 50 foot-square pens 
The pens were stocked with semi-domest1c mallard ducks in early 
summer, 1967, and late spring, 1968. All ducks were we1ghed befo re 
and after being placed in the pens . 
The number of ducks pe r pen and number of days use per pen were 
varied to simul.ate different 1ntensities of use . "Normal" waterfow l 
use of the unit for a given per1od was estimated by determining the 
waterfowl density on the unit from refuge census data. A waterfowl 
use period for the pens equivalent to the use rece1ved by Un1t Four 
was calculated. One set of pens rece1ved normal use, several sets 
received greater than normal use, and one set was used as a control. 
Pens were numbe red and the stock1ng rate for each pen chosen randomly 
(Tables 2 and 3) . 
Waterfowl-days-use per acre 
The term waterfowl-days-use pre acre was used to express the 
different intens1t1es of use the pens received and to relate this 
use to waterfowl use of Unlt Four dur1 ng the study per1od. The 
der1vat1 on ot the term follows: 
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Figure 5 : The arrangement and construction of the 50 foot-square pens 
used to determine the effect of utilization on production of 
sago pondweed, Unit Four, Bear River Migro1ory Bird Refuge. 
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Table 2. Stocking rates of the 50 foot-square pens used to determine 
Pen 
4, 
the effect of waterfowl use of sago pondweed on 1ts production, 
Unit Four, Bear R1Ver M1gratory Bird Refuge, su11111er, 1967. 
Equivalent 
Waterfowl -days-use 
number Numbers of ducks Days in pen per acre 
3 8 139 
5 8 139 
8 8 139 
2 26 452 
7 26 452 
14 26 452 
6 2 26 905 
11 2 26 905 
12 2 26 905 
4 26 1 ,810 
9 4 26 1,810 
10 4 26 1 ,810 
15 Controls 
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Table 3. Stocking rates of the 50 foot-square pens used to determ1ne 
the effect of waterfowl use of sago pondweed on its 
producti on, Unit Four, Bear R1ver Migratory B1rd Refuge, 
spring, 1968 . 
Pen number Number of ducks Days i n pen 
Equivalent 
waterfowl-days-use 
per acre 
5 ll 191 
7 11 191 
6 2 19 661 
12 2 19 661 
3 19 992 
10 3 19 992 
2, 3, 4 , 13 
14, 15 Contro 1 s 
{1) The average density of ducks on Unit Four for the study 
period was determined . {Spring: April-June, 2.1 ducks 
per acre tor 91 days) 
(2) One duck per pen was a density of 17.4 ducks per acre. 
(3) Waterfowl - days-use per acre were derived by multiplying 
duck densities by tenure: 
(11 days) x (17.4 ducks per acre): 191 waterfowl-days - use 
per acre. 
(91 days) x (2.1 ducks per acre)= 191 waterfowl-days-use 
per acre. 
(4) Then a density of 2.1 ducks per acre for 91 days was 
considered equivalent to a dens1ty of 17.4 ducks per 
acre for 11 days . 
The same procedure was followed for calculating waterfowl-days-use 
per acre for the summer 
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Sampling the 50 foot -square pens 
The pens were sampled for vegetation and seedheads after each 
study period. Mechanical sampling methods were the same as those used 
to sample the study plots. Twenty-five samples of each sago element 
were taken per pen. The sampling started at a randomly selected point 
in one corner of the pen and each successive sample was taken at a given 
interval. Each sample was labeled with the pen number . Sampling 
location was recorded to determine if ducks tended to concentrate their 
feeding in any portion of the pen (1969 season only). 
Statistical Methods 
Dr. Dona ld Sisson and Glenn Leithead, graduate assistant, both of 
the University's app l ied statistics department, assisted in data ana lys i s. 
All data were transferred to IBM cards . Only data from the 1967-68 fi eld 
seasons were used for analysis. Analysis was performed, using canned 
programs, at the University computer center . 
Utilization of sago pondweed 
Ana lys i s of variance 1~as used to test for differences in amounts of 
pondweed between plot types, sample dates, and soil l evels. 
Regression analysis was used to test for relationships between 
water and soil l evel s and tuber, seedhead, and vegetation production. 
Effect of water level on waterfowl use of tubers was also determined 
using regression analysis. 
Penned studies 
Analys i s of variance was used t o test for differences between the 
treatments appl ied to the 50 foot -square pens. 
RESULTS AND DISCUSSION 
Seasonal Utilization of Sago Pondweed Vegetation 
Summer 
Sago pondweed vegetation production from open plots was l ,098 
pounds per acre, June 18; 993 pounds per acre, July 3; 474 pounds 
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per acre, August 9; and 416 pounds per acre, August 30 (Figure 6). 3•4 
Production from enclosed plots was l ,474 pounds per acre, June l8; 
l ,204 pounds per acre, July 3; 884 pounds per acre, August 9; and 701 
pounds per acre, August 30 (Figure 6). 
Production from carp plots was l, 159 pounds per acre, June 18; 
1,031 pounds per acre, July 3; 415 pounds per acre August 9; and 367 
pounds per acre, August 30 (Figure 6). 
Production from enclosed plots was significantly greater, at 
the one percent level, than that from either open or carp plots. 5 
Production from open and carp plots was not significantly different. 
These results lead to the formulation of two hypotheses: 
l. Carp were responsible for destruction of a significant part 
of sago pondweed vegetat i on production. 
3sago pondweed production means and standard errors are contained 
in Appendix A. 
4All production figures are given as numbers or dry weight. 
5Analyses of variance and regression are contained in Appendix A. 
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Figure 6 : Sago pondweed vegetat ion production , Unit Four, Bear 
River Migratory Bird Refuge, summer, 1967. 
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2. The enclosure effected a significant increase in sago 
pondweed vegetation production. 6 
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do not believe carp significantly reduced vegetation production 
on Unit Four . Carp distribution durinq summer was limited to deep-water 
portions of the unit (Figure 7). Nelson (1955) also found carp 
restricted to deeper portions of units at Ogden Bay Bird Refuge, Utah. 
Carp were active near twelve sets of plots. I assumed vegetation 
production, if influenced by carp, would be similar from carp and open 
plots. Production from enclosed plots would be much higher. Only 
four of twelve plot sets showed this characteristic (Table 4). 
Several factors indicated that enclosures offered more ideal 
sites for vegetative growth than did open plots. (1) Vegetation within 
enclosures generally appeared more dense than out. (2) Over the summer, 
vegetation production inside enclosures dec l ined l ess rapidly. 
(3) Vegetation was found within enc l osures in November when open areas 
had no vegetation. The more ideal site was created by the wire portion 
of the enclosure and enhanced by algal growths and drifting vegetation 
collecting on the wire. Thus, the enclosures formed a barrier to 
the wind and wave action that tore loose unprotected vegetation. In 
addition, the silt, stirred into suspension outside the enclosed 
plots and capable of burying vegetation upon settling, was barred from 
vegetation with i n encl osures. Severa l researchers have noted that 
enclosures increased range vegetation production (Heady; 1957; 
Cowl i shaw, 1951; and Owensby, 1969). Increases were attributed to 
more favorable micro -climate within the enclosures. 
6The term significant as used in this text refers to statistical 
significance . 
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Table 4. Sago pondweed vegetat i on production at study plots where 
carp were present, Unit Four, Bear River Migratory Bird 
Refuge, summer, 1967. 
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Vegetation . Production (grams per square foot) 
Transect and Plot set Open plot Enclosed plo t Carp plot 
1-1 16 . 59 8.88 4.90 
1-2 7.70 8.44 6.89 
1-7 20.12 8.29 10.64 
1-8* 4.53 11.07 2.47 
2-1 13.11 15.67 13.22 
2-2* 14 .01 20.01 13 .18 
2- 3 10.07 12.31 15.38 
3-1 * 12 . 75 18.60 15.44 
3-7 3.91 9. 72 13 .04 
3-8* l. 78 26.42 l. 28 
4-1 7.25 9.46 11.59 
6-1 4. 91 6.55 5.30 
* Vege tation production possibly influenced by carp. 
Thus, a comparison of vegetation production between enclosed and 
open plots would not validl y determine production or utilization. As 
di scussed, carp had no significant effect on sago production over Unit 
Four ; therefore . ! compared vegetat ion production from carp and open plots 
to determine wa t erfowl utilization of sago vegetation. As noted , 
vegetation product ion f rom open and carp plots was not significantly 
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different, and it was concluded that waterfowl did not use sign i ficant 
amounts of sago vegetation in the summer. 
Fall 
Sago pondweed vegetation was not availab le on the open' portion 
of Unit Four in the fall. In 1966, vegetation was blown loose during 
the first two weeks of September. In 1967, vegetation had general ly 
deteriorated by the first week of September. In 1968, most vegetation 
was either blown loose or silted under during the last week of August . 
Vegetation did remain in protected sites and may have provided waterfowl 
a source of food. 
Winter 
Unit Four was drained in late November , 1967. Ice and snow 
covered the unit during the winter and I assumed no waterfowl use of 
sago pondweed occurred. 
~ 
There was no significant difference between vegetation production 
from ope n and carp plots sampled in June (Figure 6). Therefore waterfowl 
apparent ly did not use significant amounts of vegetation in the spring. 
Possibly because vegetation was not available to t he bulk of spring 
waterfowl populations. Most migratory waterfowl arrived at the refuge 
before vegetation production began on Unit Fo ur and left before vegetation 
production reached its peak (Figure 8). In add i tion, populati ons were 
smaller than those in the fall and stayed a shorter time (Table 5). 
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Figure 8. Unit Four waterfowl populations and sago pondweed vegetation 
phenology, Bear River Migratory Bird Refuge, 1967-68. 
Tab le 5. Waterfowl populations, Unit Four, Bear River t~i gratory 
Bird Refu ge , l967-68 .a 
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Date Ducks Coots Swans Canada geese 
1967, May 
June 
July 
August 
September 
October 
November 
December 
1968, January 
Februa ry 
March 
Apri 1 
May 
655 
2,150 
2,467 
34,160 
52,788 
65,938 
26' 133 
11 '700 
no count 
0 
6,215 
1 ,068 
l '190 
50 
200 
2,500 
3,060 
4,750 
2,200 
266 
0 
0 
83 
436 
820 
0 
0 
0 
0 
0 
70 
1200 
0 
4 
694 
0 
0 
aWaterfowl populations are based on averages of aerial censuses 
conducted by refuge personnel. 
Sago Pondweed Vegetation Production 
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The peak of vegetation production was the week of June 18, when 
production was 1,098 pounds per acre. Vegetation production declined 
sign ifican tl y after that (Table 6, Figure 9) . Vegetation began to 
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Table 6. Analysis of variance for saqo pondweed vegetation production, 
Unit Four, Bear River Migratory Bird Refuge, 1967. 
Source of variation Degrees of freedom Mean squares F test values 
Dates 3 2,089.32 44.00** 
June 18 vs. July 3 220.50 4.64* 
July 3 vs. Aug. 9 1 ,843.46 38.80** 
Aug. 9 vs . Aug. 30 73.44 1 .55 
June 18 vs. Aug. 9 3,339 .08 70.28** 
June 18 vs. Aug. 30 4,402.98 92.67** 
Ju ly 3 vs. Aug. 30 2,652.84 55. 84** 
Error B 423 47.51 
*Significant at 1 percent l evel. 
**Significant at 5 percent level. 
F test table values (Ostle, 1963): F (3,~23) (. 95) 2.60 (. 99) 3.78 
F (1 ,423) (.95) 3.84 
" (. 99) 6.63 
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Figure 9 : Sago pondweed vegetation production by 
, 
somphng date, open plots, Unit Four, Bear 
• Jratory Bird Refuge, SLIT1mer, 1967. 
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deterio rate early i n July . Sago appeared blue-green and became flaccid. 
Deterioration continued through the res t of the summer . Potamogeton 
pus"llus was not s1m1larly affected . 
Craner (1964) est 1mated Unit Four produced 512 pounds of sago 
vegetation pe r acre (dry we 1ght). I found the unit produced 1,098 
pounds per acre. Craner (1964) sampled vegetation from late J~ne to 
earl y August and it 1s po ss1ble he sampled Unit Four in August. 
found production to be 474 pounds pe r acre at that date (Figure 6). 
Vegetation product 10n figures from those dates waul d be comparab 1 e 
but would not represent true production. 
Regression analyses showedvegetation production was related t o 
water level. The R2 term was 0.18 and t he corre lation coefficient 
was 0.43. The equat i on relati ng water level and vegetation production 
is graphed i n Figure 10 . Crane r (1964) al so found the two were 
related. He stated that deeper wa ter provided more space for growth . 
Seasonal Uti l ization of Sago Pondweed Seedheads 
Summer 
Sago pondweed seed production from open plots was 4.38 pounds 
per acre, Jul y 3; 1.1 8 pounds per acre, July 13; 3.05 pounds per acre, 
August 9; 7. 62 pounds per acre, Au gust 22; and 3.39 pounds per acre, 
August 30 (Figure 11). 
Production from enclosed plots was 2. 04 pounds per acre, July 3; 
0.93 pounds per acre, July 13; 5. 35 pounds per acre, August 9; 6.76 
pounds per acre, August 22; and 4.40 pounds per acre, August 30 
(Figure ll) . 
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Figure II : Sago pond weed seed production for sampling dates, by 
treatment, Unit Four, Bear River Migratory Bird 
Re r:e, sur ~r, 1967. 
Production from carp plots was 1.16 pounds per acre, July 3; 
0.34 pounds per acre, July 13; 2. 73 pounds per acre, August 9; 2.40 
pounds per acre, August 22; and 0.60 pounds per acre, August 30 
(Figure 11). 
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Seed production from open and enclosed plots was not significantly 
different at the one percent level. Production from carp plots, however, 
was signi f icantly less than that from either open or enclosed plots. 
I found no reasonab le explanation for the low seed production from the 
carp plots. 
Waterfowl did not consume significant amounts of seed; however 
some use did oc~ur. Ducks and coots observed feeding on the unit may 
have consumed seed, and Canada goose droppings found on unit dikes 
contained sago seed. 
Fa 11 and Spring 
During the fall and spring sago seed was available to waterfowl 
as seed sunk to the Unit's bottom or windrowed along its shores. 
My method of study could not detect waterfowl use of this source of 
seed. 
Sago Pondweed Seedhead Production 
The peak of seed production was the week of August 22: 7.62 
pounds of seed per acre (Figure 11) . Production, disregarding that 
of July 3, increased steadily until the week of August 22, then dropped 
rapidly. Production from July 3 was high because seedheads of 
Potamogeton pusillus were counted . 
Craner (1964) estimated Unit Four produced 35 pounds of seed 
per acre. He divided the Unit into production areas dependent on 
seedhead density. Unit Four had 90 acres of medium production and 
1,406 acres of low production. Medium production was 16.9 seedheads 
per sqaure foot. Low production was 2.3 seedheads per square foot. 
I did not divide the unit into production areas. I found Unit Four 
produced 1 .69 seedheads per square foot. The Unit produced 
substantially less seed in 1967, than during Craner's 1962-63 study. 
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I found no straight-line regression of water depth on seed 
production. The R2 term was 0.001. Apparently seed production varied 
across the Unit ~lith out regard to water depth. However, Craner ( 1964) 
stated the two were closely related, stating that where more vegetation 
was produced (deepe r water) there would be more seed produced. 
Seasonal Utilization of Sago Pondweed Tubers 
Summer 
I was not able to use a comparison of tuber production from plots 
to determine waterfowl utilization of sago tubers because of missing 
data from carp and enclosed plots. A comparison of open plot production 
from June and August would not validly determine utilization because 
tubers were produced over that period. Conversely, production could 
not validly be determined because utilization might have also occurred 
over the period. 
However, tuber data for October were comp l ete and analysis of 
variance showed that tuber product ion measured in October was not 
si gnif ican tly differen t f rom that of August. Consequently, I analysed 
October data to determine if uti l iza ti on occurred over the summer. 
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Analysis of October data showed that open plots produced 1.98 
pounds per acre, soil level one; 9.49 pounds per acre, soil leve two; 
11.60 pounds per acre, soil level three; and 13.45 pounds per acre, 
soil level four . Total production was 36.52 pounds per acre (Table 7). 
Enclosed plots produced 6.38 pounds per acre, soil level one; 
13 .47 pounds per acre, soil level two ; 20.49 pounds per acre, soil level 
three; and 16.97 pounds per acre, soil level four. Total production 
was 57 . 31 pounds per acre (Tab 1 e 7). 
Carp plots produced 3.31 pounds per acre, soil level one; 10.60 
pounds per acre, soil level two; 15.67 pounds per acre, soil level three; 
and 17. 18 pounds per acre, soil 1 eve 1 four . Totd 1 production was 
46.76 pounds per acre (Table 7). 
Production from enclosed plots was significantly greater at 
the 5 percent level than from either open or carp plots. Productions 
from open and carp plots were not significantly different. 
attributed the higher production from enclosed plots to the enclosure 
and its effect on micro -environment within the enclosure, as discussed 
previously. concluded that waterfowl use of summer tuber production 
was not significant and that carp had no significant effect on summer 
tuber production. 
Fall 
Tuber production from open plots sampled in October, 1967, was 1.98 
pounds per acre, soil 1 eve 1 one; 9. 49 pounds per acre, soi 1 1 evel two; 
11.60 pounds per acre, soil level three; and 13.45 pounds per acre, soil 
level four. Total production was 36.52 pounds per acre (Figure 12). 
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Table 7. Sago pondweed tuber production, Unit Four, Bear River 
Migratory Bird Refuge, October, 1967. 
Soil Av. No. of tubers Pounds Standard 
Treatment level per 12 sq. in. sample per acre error 
OJ:> en J:>lot 0.24 l. 98 0.042 
2 0.86 9.49 
3 0.77 11.60 
4 0.65 13.45 
Totals 2.52 36.52 
Enclosed J:>lot 0.77 6.38 
2 1.22 13.47 
3 1. 36 20.49 
4 0.82 16.97 
Totals 4.17 57.31 
CarE J:>lot 0.40 3. 31 
2 0.96 10.60 
3 1.04 15.67 
4 0.83 17.18 
Totals 3. 23 46.76 
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Figure 12: Sago pondweed tuber production from open plots, by soi I 
level, Unit Four, Bear River Migratory Bird Ref uge, 1967-66. 
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Tuber production from open plots sampled in November, 1967, was 
l. 00 pounds per acre, soi 1 1 eve 1 one; 4. 53 pounds per acre, soi 1 1 eve 1 
two; 5.12 pounds per acre, soil level three; and 9.52 pounds per acre , 
soi 1 1 eve 1 four. Tota 1 product i on was 20. 17 pounds per acre (Figure 12). 
Only open plots were sampled in November because ice had destroyed cages 
at the enclosed and carp plots. Tuber production from October was not 
significantly different from that of August. Tuber production from 
November was significantly less, at the one percent level, than that 
of October or August. The diffe rence in tuber production was attributed 
to waterfowl use. 
Utilization of tubers was estimated at 21.82 pounds per acre, or 
52 percent of the standing crop (Table 8) . Utilization by soil level 
was 2.32 pounds per acre (7Q percent), level one; 8.28 pounds per acre 
(65 percent), level two; 7.08 pounds per acre (58 percent), level three; 
and 4.14 pounds per acre (30 percent), level four (Table 9). 
Spring 
Tuber production from open plots for April, 1968, was 0.66 pounds 
per acre, soil level one; 1.55 pounds per acre, soil level two; 5.27 
pounds per acre, soil level three; and 8.49 pounds per acre, soil level 
four . Total production was 15 . 97 pounds per acre (Figure 12). 
Tuber production from open plots for June, 1968, was 1.00 pounds 
per acre, soil level one; 5.08 pounds per acre, soil level two; 8.29 
pounds per acre, soil level three; and 6.42 pounds per acre, soil 
level four. Total production was 20.79 pounds per acre (Figure 12) . 
Table 8. Seasonal utilization of sago pondweed tubers by waterfowl, 
Unit Four, Bear River Migratory Bird Refuge, 1967-68 . 
Tuber production Tuber utilization Pe rce nt a 
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Season (lbs. per acre) ( 1 bs . per acre) utilization 
Summer, 1967 41.99 0. 00 0.00 
Fall, 1967 20.17 21.82 52.00 
Spring, 1968 15.96 26 .03 62.00c 
Summer, 1968b 20.79 0.00 0.00 
~Percent utilization is based on net t uber production f rom summer, 1967. 
Tuber production for summer, 1968, does not represent a net 
production because samples were taken in earl y June . 
CThere is no significant difference between spring, 1968 , and fall, 
1967, utili zation percentages . 
Tuber production for April, 1968, was not significantly different 
from that of November, 1967. No significant waterfowl use of tubers 
occurred between those two dates. Waterfowl use of tubers was 
precluded by ice on Unit Four from the last week of Ncvember until 
March. 
Tuber production from June, 1968, was greater than that of April, 
but not significantly so. believe the increase indicated the beginning 
of summer tuber production . 
Craner (1964) concluded sago pondweed might not be important in 
waterfowl diets at the refuge. His research, reviewed earl ier , 
consisted of a penned study and a food habits study . The value of the 
results were questionable for the followina reasons: (1) Sample size 
from pens may not have been adequate-- lCI samples of each element for 
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Table 9. Seasonal utilization of sago pondweed tubers by waterfowl, 
soil levels , Unit Four, Bear River Migratory Bird Refuge, 
1967-68. 
Soil level Tuber Production Tuber utilizationa Percent 
Season (2 in. -increments ) (lbs. per acre) (lbs. per acre) utilization 
Summer, 1967 3.32 
2 12.80 
3 12 .20 
4 13.67 
Fall,l967 1.00 2.32 70 .00 
2 4.52 8. 28 65.00 
3 5.12 7.08 58.00 
4 9.53 4.14 30.00 
Spring, l968b 0.66 2.66 80.00 
2 l. 54 ll .26 88.00 
3 i 5.27 6.93 57.00 
4 
" "' 
8.49 5.18 38.00 
Summer, l968c 1.00 
2 5.08 
3 8.29 
4 6.42 
aPercent utilization is based on net tuber production from summer, 1967. 
bThere is no significant difference between fall, 1967, and spring, 1968 
utilization percentages. 
cSummer, 1968 tuber production does not represent a net production, 
because samples were taken in early June. 
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each sampling date. (2) The pen habitat was limited and not 
natural. (3) Pen water depth in 1965 was at least 16 inches (personal 
observation) and would have precluded use of tubers by ducks . 
(4) The food habits study was not adequate. It was confined to the 
fall and as standard procedure gizzards_ from hunter-kil led ducks were 
examined. Sample size, 98 gizzards from six species, was not adequate. 
His data gave little indication of the value of sago as a waterfowl 
food. 
Sago Pondweed Tuber Production 
Waterfowl utilizaticn of tubers in the summe r was not significant 
and carp had no significant effect on tuber production. Therefore, 
I compared tuber production from open plots sampled in June and 
August to determine summer tuber production. Tuber production from 
open plots sampled in June, 1967, was 0.25 pounds per acre at soil 
level one, 2.21 pounds per acre at soil level two; 2.86 pounds per 
acre at soil level three, and 2.48 pounds per acre at soil level four. 
Total production was 7.80 pounds per acre (Figure 12). 
Tuber production f rom open plots sampled in August, 1967, was 
3. 31 pounds per acre at soil level one, 12. 81 pounds per acre at soil 
leve l two, 12.20 pounds per acre at soil level three, and 13.66 pounds 
per acre at soil l eve l four . Total production was 41.98 pounds per 
acre (Figure 12). Over the summer Unit Four produced 3.06 pounds of 
tubers per acre at soil l eve 1 one, l 0. 60 pounds per acre at soil level 
two, 9. 34 pounds per acre at soil level three, and 11.18 pounds per 
acre at soil level four. Total tuber production was 34.18 pounds 
per acre. 
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Craner (1964) expressed tuber production in terms of wet weight 
and number, whereas I expressed production in terms of dry weight and 
number. Thus, comparison of production was made in terms of numbers. 
I found Unit Four produced 0.54 tubers per 12 square inch sample in 
June , 1967, and 3.03 tubers per 12 square inch sample in August 
(Figure 13) . Summer tuber production was 2.49 tubers per 12 square inch 
sample. I sampled tubers to a depth of 8 inches. Craner (1964) 
found the Uni t produced 2.46 tubers per 12 square inch sample. He 
sampled tubers to a depth of 12 inches in early spring and late fall. 
His tuber production figure was, therefore, an estimate of production 
after the fall waterfowl use of tubers had occurred. 
I found no straight-line regression of water depth on tuber 
production. The R-squares were 0.01 for tuber production at soil 
level one, 0. 01 at level two, 0.06 at level three, and 0.002 at level 
four. Craner (1964) also found no correlation. 
Sago Pondweed Phenoloqy 
Sago pond\~eed vegetation production began, on Unit Four, in early 
May, 1967 . On May 16, vegetation was present in spotty growths 4 to 
6 inches high. On ~lay 18, I noticed vegetation reach i ng the water's 
surface in a few areas. Growth was dense by the first week of June. 
In contrast, Craner (1964} found sago began growing in early April. 
He found tubers sprouting at that time. found no tubers sproutinq 
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Figure 13: Sago pondweed tuber production by sample dotes, 
Unit Four, Bear River Migratory Bird Refuge, 1967-68 . 
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on Unit Four in mid -April. Craner found much of the vegetation had 
reached the water's surface by early May . 
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I found sago began flower ing on Unit Four during the first week 
of June. Craner (1964) stated that sago began flowering in mid-May. 
I found seed had begun to set by mid-June. Craner (1964) stated that 
seed reached maturity in late July and early August. I found mature 
seed on Unit Four during the first week of July. Sago flowered 
continual ly, where healthy plants could be found, through the summer 
into September in 1967. As previously noted, vegetation was blown 
loose by at least the second week of September. 
Craner (1964) did not state on which unit or units phenology 
was observed. He possibly obtained his phenology data from a unit 
other than four. If so, differences in soil sa linity, soi l type, 
water temperature, or turbidity may have been factors contributing 
to our different observations of phenology. These factors may have 
varied from year to year on the same unit, again possibly accounting 
for differences in our observations. Thus, the disparity in our 
observations of phenology indicated the range over which an event might 
occur. 
Waterfowl Populations and Their Utilization of Sago Pondweed 
Knowledge of waterfowl utilization of sago pondweed is of little 
value without knowing the population responsible for the utilization. 
Th erefore, I used waterfowl popu lation data, obtained from the aerial 
censuses flown by refuge personnel, to determine waterfowl-days-use 
of Unit Four. Waterfowl-days-use were determined by multiplying 
waterfowl populations by their length of stay on Unit Four. 
Summer populations 
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Summer waterfowl populations consisted of breeding and moulting 
birds. Unit Four received 64,500 duck-use-days use in June and 76,477 
in July. With the appearance of moulting waterfowl, mainly pintails 
and green-winged teal, use increased to 1,058,960 duck-days-use in 
August (Table 10). 
The unit received 6,000 coot- use-days in June, 77,500 in July, 
and 94,860 in August. The unit received no use by geese in June. 
It received 2,945 goose-use days in July, and 3,937 goose-use-days 
in August (Table 10) . 
The heavy, late-summer use of the unit by waterfowl was not 
reflected in utilization of sago pondweed. Apparently, waterfowl 
made use of other food sources in addition to, or in place of sago 
pondweed. 
Fall populations 
Fall waterfowl populations were composed of migrating birds and 
summer waterfowl production from the refuge. Unit Four received 
1,583,640 duck-days-use in September, 2,044,078 in October, and 
783,990 in November. The unit received 142,500 coot-use-days in 
September, 68,200 in October, and 7,980 in November. Goose-use-days 
were 2,400 in September, 8,153 in October, and 10,500 in November. 
There were no swan-days-use in September, 2,170 in October, and 
36,000 in November (Table 10) . 
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Table 10. Waterfowl use of Unit Four, Bear River Migratory Bird 
Refuge, 1967-68. 
Days use 
Date Ducks Coots Swans Canada geese 
May, 1967 20,305 1 ,550 0 1 ,550 
June 64,500 6,000 0 0 
July 76,477 77,500 0 2,945 
August 1 ,058,960 94,860 0 3,937 
September 1,583,640 142,500 0 2,400 
October 2,044,078 68,200 2,170 8,153 
November 783,990 7,980 36,000 10,500 
December 362,700 0 0 12, 400 
* January , 1968 
February 0 0 116 87 
March 192,665 2,573 21 ,51 4 589 
April 32,040 13,080 0 630 
May 36,890 25,420 0 682 
*No census was conducted in January. Unit Four was frozen and 
assumed no waterfowl use occurred. 
Sago vegetation was not available to fall waterfowl populations 
on Unit Four. Seed was available, mainly in windrows along dikes. My 
method of study did not allow me to detect utilization of that seed 
source. However, waterfowl did use large amounts of tubers in the 
fall, consuming 52 percent of the tuber crop . 
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Winter populations 
Unit Four was frozen from late November to March. I assumed no 
significant use of sago occurred during the winter. However, waterfowl 
were present on Unit Four, apparently sitting on the ice. Duck-days-use 
for December were 362,700; swan -days -use, 12,400 (Table 10). Both 
figures are based on a census made December 2, and are misleading. 
Actual waterfowl use of the Unit was considerably less; most birds were 
gone by mid-December. No census was made in January; however, I 
assumed that no waterfowl were on Unit Four. No ducks or coots were 
on the Unit in February. One hundred-sixteen swan-days-use and 87 
goose-days-use were estimated for the month (Table 10). 
Spring populations 
Waterfowl populations during sprinq were composed of migrating and 
breeding birds . Waterfowl use of the Unit was less than during late 
summer or fall. Population peaks for ducks and swans occurred during 
March; 192,665 duck-days-use and 21,514 swan-days-use were recorded. 
Coot-days-use was 2,573 and 589 goose-days-use was recorded. Duck use 
of the Unit in April and May was 32,040 and 36,890 duck-days-use, 
respective ly. Coot-days-use for April was 13,080. Six-hundred and 
thirty goose-days -use were recorded for April. In May 25,420 
coot -days-use and 682 goose days use were recorded (Table 10). 
April and May waterfowl populations consisted mainly of breeding birds. 
No significant use of tubers occurred during the spring. 
Vegetation did not begin growth until early May. The peak of spring 
waterfowl migrat ion was March; vegetation was, therefore, not available 
to the bulk of migrating waterfowl (Fi gure 8). No significant use 
of vegetation occurred dur1ng the spring. Seed was available 
either submersed or windrowed along dikes, but my method of study 
could not detect utilizat ion of those sources . 
The Effect of Utilization on Sa go Pondweed Production 
Spring utilization of vegetation 
60 
Comparisons of sago pondweed production from pens stocked with 
semi-domestic mallards with production from control pens were made 
to determine the effect of utilization on sago pondweed production. 
Vegetation samples were taken from the pens in August, two months 
after ducks were rerooved from the pens . 
Treatments four and five were contra 1 s . They produced 6. 26 and 
5.06 grams of vegetation per square foot. Treatment one, three ducks 
per pen or 992 waterfowl-days-use per acre, produced 6.05 grams per 
square foot (Figure 14). The treatment produced significantly more 
vegetation, at the 1 percent 1 eve 1 , than contra 1 five, but was not 
significantly different from control four. 
Treatment two, two ducks per pen or 661 waterfowl-days-use per 
acre, produced 5.53 grams per square foot (Figure 14). The treatment 
produced significantly less vegetatl'on, at the 5 percent level, than 
control four, but did not differ significantly from control five. 
Treatment three, one duck per pen for 11 days, or 191 
waterfowl-days-use per acre, produced 7.63 grams of vegetat.ta.n per 
square foot (Figure 14) . The treatment produced significant ly more 
vegetation, at the 1 percent level, than either control treatment. 
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Figure 14 : Sago pondweed vegetation production from pens 
receiving waterfowl use of certain intensities, 
Unit Four, Bear River Migratory Bird Refuge, 1968. 
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Variation among treatment pens was significant at the 1 percent 
level (Figure 15). Pens in control four produced 7.14 and 5.38 grams 
per square foot. Pens in control five produced 6. 18 and 3.95 grams 
per square foot. Pens 1n treatment one produced 5.47 and 6. 63 grams 
per square foot (Figure 15). 
Such variation led to inconsistent results, e.g. treatment two, 
two ducks per pen, produced less vegetation than control four, but 
did not differ significantly from control five. In spite of such 
inconsistencies, the data demonstrate that sago recovered from the 
spring waterfowl use. Only treatments one and two, three and two 
ducks per pen, produced less vegetation than a control treatment. 
Other treatments produced more or equal amounts of vegetation in 
relation to control treatments. 
I noted the location of each sample collected to determine if 
the ducks confined feeding activity to certain pen areas. Results 
were negative because sago recovered after waterfowl use. 
All ducks placed in the pens lost weight . Weight loss was least 
for those in pens for 11 days . Other ducks, in some cases, lost 
nearly half their body weight (Table 11 ). This indicated sago 
pondweed did not ful fi 11 waterfowl dietary requirements. Other 
factors, confinement and heat, may also have contributed to weight 
loss. 
Craner (1964) confined ducks in similar pens for periods ranging 
from 30 to 90 days. He mentioned no occurrence of weight loss or 
mortality. Sago was the main food available. 
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Figure 15 : Sago pondweed vegetation production from pens, by pen, 
receiving waterFowl use of certain intensities, Unit Four, 
Be(Jr River Mi('mtory Bird Refuge, spring, 1968 . 
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Table 11. Weights of semi-domestic mallard ducks before stock1ng 
and at the end of experiment i n 50 foot-square pens, 
Unit Four, Bear River Bird Migratory Bird Refuge, 
sp r ing, 1968 . 
Weight(Kg) 
Band Number Pen Numbe r Sex Before Stocking After Stocking 
981 5 0' l. 16 0.99 
51 7 (f 1.29 1 .05 
8952 6 ry 1. 25 0.90 
1000 6 0" 1 .15 0.84 
128 12 Q 1.05 0.65 
73 12 0" 1.00 0.79 
8951* (f 1.1 5 0.60 
8949* Cl' 1.13 0 . 70 
8950* (f l. 19 0.70 
910 10 (j' 1.00 0.57 
995 10 Q 0.96 0. 75 
999 10 C) 1.19 0.85 
*These ducks were in pens for 11 days; the rema1 nde r were in the pens 
18 days . 
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Summer ut1l1zation 
Ut1lizat1on of vegetat1on. Pens 15 and 4, treatment t1ve, were 
controls. On the average they produced 7.02 grams ot vegetat1on per 
square foot ( F1 gure 16). Treatments one and two, tour and two ducks 
per pen or t810 and 905 waterfowl-days-use pe r acre, produced 2.48 
and 5.15 grams per square foot, Slgnlflcant ly less vegetation , at the 
percent level, than the control pens (F1gure 16) . 
Treatment three, one duck per pen or 452 waterfowl-days-use per 
acre, produced 7.03 grams per square foot (F1gure 16) . Production was 
not sign1f1cantly different from the controls . Treatment tour, one 
duck pe r pen for 8 days, or 139 waterfowl-days -use per acre, produced 
7.63 grams per square foot (F1gure 16). Production was not s1gn1t1cantly 
different from the controls. 
Variation among treatments was sign1t1cant at the 1 percent level . 
Pens within treatments one and four d1ttered signitl cantly . The 
variation had little effect on results (Figure 17) . 
Because pens were sampled Immediately after removal of the 
ducks, results gave no 1nd1cat1on of the effect ot utilization on 
vegetat1on production . They do 1nd1cate veg~tat1on was used as rood 
by ducks or destroyed 1n search ot other rood . However, I suspect 
vegetatton wou ld not recover from effects of summer ut1lizat1on, 
because, as previously d1scussed, vegetation began to dete 10rate in 
July. 
In all but one 1nstance, ducks placed 1n the pens lost we1ght 
(Table 12), 1nd1cat1ng, as dis cussed earl1er that sago, alone, was not 
an adequate d1et 
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Figure 17: Sago pondweed vegetation production from pens, by pen, 
receiving waterFowl u~e of certain intensities, Unit Four, 
Bellr River Migratory Bird Refuge, summer, 1967. 
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Table 12. Weights of sem1-domestic mallards before stockinq and at 
end of experiment in 50 foot-square pens, Unit Four, Bear 
River Migratory Bird Refuqe, summer, 1967. 
Weight (Kg) 
Band number Pen Number Sex Before Stocking After Stocking 
147 <Y 1.24 1.00 
162 2 0 ... 1. 31 0.93 
993 14 0.97 0.81 r 
999* 3 CY 1. 24 1.22 
28* 8 0 0.74 1.81 
994* 5 0. 1.10 1.06 
1000 6 0+ 1. 25 0.91 
978 6 ~ 1. 32 1. 08 
137 11 ()o 1.23 0.95 
984 11 <> 1.17 0.80 
137 11 o- 1. 23 0.95 
984 11 ~ 1.17 0.80 
49 12 ~ 1. 20 0.81 
161 12 1.20 0.70 
106 ~ 1.18 Escaped 
980 (? 1. 24 0.90 
269 ~ 1. 38 1.04 
982 ~ 1.06 Died 
94 9 9 0.93 0.55 
160 9 ry- 0.84 Died 
54 9 ()P 0.85 0.63 
932 9 ~ 0.98 Died 
Table 12. Continued 
Weight (Kg) 
Band number Pen number Sex Before Stocking After Stocki ng 
9Bl 10 0' 1.15 0.91 
73 10 o- l .10 0. B2 
51 10 o- 1.46 1 .06 
995 10 o- 1.00 O.B2 
*These ducks were in pens for B days; the remainder- were in the pens 
26 days. 
Utilization of seed. Experimental desiqn was the same as for 
the section on summer use of vegetation. Seed production was sparse 
and varied from pen to pen (Figure lB). The resulting estimate of 
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population variance was large. Therefore, statistically, results were 
not conclusive. 
On the average the contro l s produced 0.30 seedheads per 4 squa re 
feet, more seed than all treatments except treatment three (Figure 19). 
Treatment three, one duck per pen or 452 waterfowl -days-use per acre, 
produced 0.40 seedheads per 4 square foot (Figure 19). The data 
indicate that seed, when available, was used by waterfowl . Craner (1964) 
obta ined simi lar results. 
Fall utilization of tubers 
Reconnaisance of Unit Four in the sprinq, l96B, showed that sago 
vegetation production was apparently not affected by heavy waterfowl use 
of its tubers the previous fall. (Fifty-two percent of the tuber crop 
had been consumed i n the fall.) Early in the spring little vegetation 
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Figure 18' Sago pondweed seedheod production from pens, by 
pen, rece iving waterfowl use of certain intensities, 
Unit Four, Bear River Migratory Bird Refuge, summer, 1967. 
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Figure 19 : Sago pondweed seedhead production from pens 
receiving waterfowl use of certain intensities, 
Unit Four, Bear River Migratory Bird Refuge, summer, 1967. 
was found growing from duck-holes excavated the previous fall by 
waterfowl. By early June, however, vegetation appeared to be dense 
over the unit. Apparently, production from vegetative runners 
compensated for that lost from tubers. 
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The Effect of Water Levels on Waterfowl Use of Sago Pondweed Tubers 
Fall water levels 
Waterfowl use of tubers was significant during the fall. 
assumed if deep water inhibited waterfowl use of tubers and shallow 
water did not affect use, a positive straight-line regression would 
exist between water level and tuber numbers of each of the four soil 
levels. I found no such regression. The R-squares were 0.0003 for 
tuber production at soil level one, 0.01 at level two, 0.01 at level 
three, and 0.006 at level four. Therefore, I concluded water levels 
between 2 and 10 inches did not affect waterfowl use of tubers. 
Tubers under 10 inches of water and l to 8 inches of soil may not 
have been available to ducks, but Unit Four had 2,170 and 36,000 
swan-days-use in October and November. Ten inches of water would seem 
to provide little barrier to swans in search of tubers. found one 
large hole, apparently dug by swans, in at least 12 inches of water. 
Summer water levels 
Though waterfowl use of Unit Four was heavy in late summer 
(Table 10) no significant use of tubers was noted . Water levels, at 
sample sites, ranged from 5 to 15 inches in early August to 4 to 13 
inches in late August (Table 13). 
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Table 13. Water depths, Unit Four, Bear River Migratory Bird Refuge, 
1967-68 . 
Water de~ths (Inches) 
Date Average Average Maximum Average Minimum Range 
June 18, 1967 9.48 10 . 33 8. 83 5-14 
June 30 10.58 12.50 9. 33 5-15 
July 13 10.90 13.50 9.33 7-14 
! 
August 9 9.88 12.17 8.33 5-15 
August 22 7.58 9.50 6.33 3-12 
August 30 7.56 10. 17 G.17 4-13 
October 17 7.00 10.00 5.17 2-12 
November 11 5.92 8.50 4.33 2-10 
Apri 1 20, 1968 9.63 12 . 17 8.00 5-14 
I concluded that either water levels generally prohibited waterfowl 
use of tubers or waterfowl ignored tubers and used other foods. 
S~ring water levels 
Waterfowl use, excepting swan use, of Unit Four was relatively 
light during the spring (Table 10). No significant waterfowl use of 
tubers occurred during the spring . Water levels on the unit ranged 
from 5 to 14 i nches in Apt' il (Ta ble 13). I concluded that either 
water levels prohib i ted use of tubers or waterfowl made litt le use of 
tubers and searched for other foods . 
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Tuber Utilization in Relation to Depth of Tubers in the Soil 
Numbers of tubers at the four soil levels sampled during August 
and November were compared to determine the amount of tubers taken by 
waterfowl at each soil level. Fifty-two percent of the tuber crop was 
harvested by waterfowl during this period (Table 8) . 
Waterfowl use of tubers by soil level was 70 percent, level one; 
65 percent, level two; 58 percent, level three; and 30 percent, level 
four (Table 9} . Tubers were most availabl e in the first 6 i nches of 
soil . Tuber use declined sharply beyond 6 inches. 
do not believe tubers were available to ducks at all four soil 
levels at deeper water levels. Swans must certainly have accounted for 
most use of the tubers at deeper water and soil l evels. 
RECOt111EII Di•T !Or.~ 
Sn•t i i\ 1 P~atn r~w· ~ ts 
.::::J:..::::..__ ---·- - --
Craner (l964J obser ved that spatial requi rements of wate r row l 
at the retuge should be better known He quest •unea , patt Lul a• ly , 
the value of the vast , open-water areas to waterfow l. He suggested 
that such areas, it of l imi ted val ue, be mod1f 1ed to make them more 
attractive to either m1qratory or breeding waterfow l. 
Feed1ng value of open-wat ~ r ar-eas to waterrowl 
The open-water portion of Unit Four provided an extenS i i~lv 
used feedi ng area for waterfowl at the refuge. Apparently, ,,,,v 
pondweed tube rs were the ma i n tood taken from the uni t i n the fal r 
Other units at the refuge may have sim1 la r value to wate r rowl 
Duck- holes, from 1 to 6 feet in diameter and 4 to 6 1 n c he~ deep 
excavated by waterfowl in search of food could provide an indication 
of feeding use of a un1t . I found large portions of Un i ts Four and 
Five pock-marked by such holes . An aerial survey of the units to 
determine numbers of holes per unit area and the i r extent would 
provide indices of waterfowl feeding use of open-water areas and an 
ind ica tion of their value to migratory waterfowl . 
The Effect of Water Level and Depth of Tubers 
on The ir Availabil i ty to Waterfowl 
Water levels between 2 and 10 i nches on Unit Fou r in the fall d1d 
not prec l ude waterfowl use of tubers . Tube rs were available , at least 
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to 8 inches in the soil. Tuber availability in relation to water 
level and depth of tubers in the soil may have a bearing on waterfowl 
use of units at the refuge . Lloyd Gunther, refuge manager, and John 
Valcarce, refuge foreman, noted that waterfowl tend to move to units 
with lower water levels. Apparently, waterfowl are attracted to such 
units because food is more accessible. I believe water l evels and their 
effect on waterfowl use of foods should be determined. Shallow water 
depths might prove valuable in attracting and holding migrating waterfowl 
at the refuge. 
Food Habits 
Sago pondweed tubers were heavily used in the fall by waterfowl at 
the refuge. Apparently, sago was used very little by waterfowl at 
other seasons. My method of study did not allow me to determine 
which waterfowl species made use of tubers, nor did it shed light on 
seasona 1 , wate-rfowl use of the other foods at the refuge. A comprehensive 
study of waterfowl food habits and food u.tilization is necessary to 
determine the important waterfowl foods and their use at the refuge . 
Steps might then be taken to encourage growth of such foods and make 
them accessible to waterfowl. 
Vegetation Survey of Open-Water Areas 
Although Craner (1964) noted that sago grew in almost pure 
beds on refuge units, I found sago interspersed with significant 
amounts of small pondweed (Potamogeton pusillus ). A vegetative survey 
of the open-water areas of the refuge units should be conducted . 
The units and their food plants cannot be · properly managed without 
knowing vegetative composition. 
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Summer 
SUMMARY 
Production and Seasonal Waterfowl 
Utilizat1on of Sago Pondweed 
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Sago pondweed began growing in early May, 1967. By mid-May growth 
was present in patches 4 to 6 inches high. At that time growth reached 
the water's surface in few areas. Vegetation wus dense by the first 
week of June. Significant amounts of small pondweed (Potamogeton 
pusiZZus ) were interspersed with sago over most of the unit. Sago 
began flowering the first week of June and flowered into September. 
I found mature seed the first week of July. Vegetation began to 
deteriorate in Ju ly and was blown l oose in early September . 
Waterfowl did not use significant amounts of vegetation, tubers, 
or seed on Unit Four in the summer, although waterfowl use was heavy, 
amount to 1,199,937 Duck -days-use, 178,360 Coot-days - use and 6,882 
Goose-days-use. No swan-days-use was recorded. Apparently, waterfowl 
searched for other foods, although water levels between 4 and 13 inches 
may have inhibited waterfowl use of tubers. 
Vegetation production in summer was 1,098 pounds per acre; seed 
production, 7. 62 po unds per acre; and t uber production, 41 . 98 pounds 
per acre. There was a straight-line regression between vegetation 
production and water depth. No such regression was found between seed 
and tuber production and water depth. 
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Vegetation was largely unavailable to waterfowl populations in 
the fall. Seed was available either as seed sunk to the unit's bottom 
or windrowed along its shores. My method of study did not allow me 
to detect use of this source of seed. 
Waterfowl used 52 percent (21 .82 pounds per acre) of the summer's 
tuber production. Utilization from soil level one was 2.32 pounds per 
acre (70 percent); 8.28 pounds per acre (65 percent) from level two; 
7.08 pounds per acre (58 percent) from level three; and 4. 14 pounds per 
acre (30 percent) from level four. There were 4,411,708 duck-days -use; 
21 8 .680 coot-days-use; 38,170 swan-days-use; and 21,053 goose-days-use 
recorded in the fall . 
Tubers grew in the soi l on Unit Four of the refuge to a depth of 
at least 8 inches but were most avai l able in the first 6 inches of soil. 
I did not sample for tubers below 8 inches of soil. Water levels 
between 2 and 10 inches had no effect on fall waterfowl use of tubers. 
\~inter 
Because Unit Four was frozen from late November to March, I 
assumed no waterfowl use of sago occurred. 
~ 
No significant waterfowl use of tubers or vegetation occurred. 
Water depths between 5 and 14 inches may have prevented waterfowl 
from using the tubers . My method of study did not allow me to detect 
waterfowl use of the seed source available. Migratory waterfowl 
populations arrived before production of vegetation began and left 
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before the peak of production occurred. There were 261 ,595 duck-days-use ; 
41 ,073 coot-days -use; 21 ,514 swan-days-use; and 1 ,901 goose-days-use 
recorded in spring. 
The Effect of Ut ilization on Production 
Sago pondweed vegetation in the 50 foot-square pens recovered 
after heavy spring use by waterfowl. Results concerning effect of 
waterfowl use of sago pondweed on seed production in the summer were 
inconclusive . 
Reconnaisance of Unit Four in the spring, 1968, showed that sago 
had recovered after waterfowl had consumed 52 percent of the tuber 
crop the previous fall . Early in spring little vegetation was found 
growing from duck-holes excavated in the unit the previous fall . 
Later in the spring, however, growth did occur apparently from vegetative 
runners which compensated for that lost from tubers. 
Ducks in the 50 foot-s quare pens fed in a natural manner . However, 
most ducks l ost nearly half their body weight over periods of 8 to 26 
days, possibly indicating the diet, mainly sago, was inadequate. 
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Table 14. Sago pondweed vegetat10n product1on means by treatment, 
by date, Unit Four, Bear River M1gratory Bird Refuge, 
summer, 1967. 
weight of vegetat1on Pounds per Standard 
Treatment Date per sq. ft. (grams) acre error 
11 .46 1 ,098 0.287 
2 10 .36 993 
3 4.95 474 
4 4 . 34 416 
2 15 .39 1 ,475 
2 12.56 1 ,204 
3 9.22 884 
4 7. 31 701 
3 12.09 1 ,159 
2 10.76 1 ,031 
3 4.33 415 
4 3.83 367 
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Table 15. Sago pondweed seedhead product1on for sampl1ng dates by 
treatments, Unit Four, Bear River Migr atory Bird Refuge, 
summer, 1967. 
Sampling No . of seedheads per Pounds per Standard 
Treatment date 4 sq. t. samp 1e acre error 
4.25 4.38 0.27 
2 l. 15 1.18 
3 2.96 3.05 
4 7.40 7.62 
5 3.29 3.39 
2 1.98 2. 04 
2 0.90 0.93 
3 5.19 5. 35 
4 6.56 6. 76 
5 4.27 4.40 
3 1.13 1. 16 
2 0.33 0.34 
3 2.65 2.73 
4 2.33 2.40 
0.58 0.60 
Table 16. Sago pondweed tuber product1on means for sample dates, 
Unit Four, Bear River M1gratory Bird Refuge, 1967-68. 
Sampling Average number of tubers Pounds per Standard 
date per 12 sq. in. sample acre error 
0.13 7.80 0.0203 
2 0.76 41.98 
3 0.63 36.52 
4 0.33 20.17 
5 0.24 15.97 
6 0. 36 20.79 
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Table 17. Sago pondweed tuber production means for soil levels by 
sampling date, Unit Four, Bear Ri ver Migratory Bird Refuge , 
1967-68. 
Sampling Soil level 
date (2 inch increments) 
2 
3 
4 
5 
6 
2 
3 
4 
1 
2 
3 
4 
2 
3 
4 
2 
3 
4 
2 
3 
4 
1 
2 
3 
4 
Av. No. of Tubers 
per 12 sq . in. sample 
0.03 
0. 20 
0.19 
0.12 
0.40 
1.16 
0. 81 
0.66 
0. 24 
0.86 
0. 77 
0. 65 
0.12 
0.41 
0.34 
0.46 
0.08 
0.14 
0. 35 
0.41 
0.12 
0.46 
0.55 
0. 31 
Pounds per Standard 
acre error 
0.25 
2.21 
2.86 
2.48 
3.31 
12.81 
12.20 
13.66 
1 .98 
9.49 
11.60 
13.45 
1.00 
4.53 
5.12 
9.52 
0.66 
1. 55 
5.27 
8.49 
1.00 
5.08 
8. 29 
6.42 
0.0203 
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Table 18. Sago pondweed vegetation production means for pens receiving 
waterfowl use of certain 1ntensities, Unit Four, Bear River 
Migratory Bird Refuge, spring, 1968. 
Trea tment 
4 
Weight of vegetation 
per sq . foot (grams) 
6.05 
5.53 
7. 63 
6.26 
5. 06 
Standard 
error 
0.0916 
Table 19. Sago pondweed vegetation production means for pens, by 
treatment, receiving waterfowl use of certain intensities 
Unit Four, Bear River Migratory Bird Refuge, spring, 1968 . 
Treatment Pen 
3 
4 
2 
Weight of vegetation 
per sq . ft . 
5.47 
6.63 
5. 76 
5.31 
8.17 
7.09 
7.14 
5.38 
6. 18 
3.95 
Standard 
error 
0.0916 
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Table 20 . Sago pondweed vegetation production means for pens receiving 
1~aterfo~1l use of certain intensities, Unit Four, Bear River 
Migratory Bird Refuge, summer, 1967. 
Treatment 
Weight of vegetation 
per sq. ft. 
2.48 
2 5.15 
3 7.03 
4 7 . 63 
5 7.02 
Standard 
error 
0.136 
Table 21. Sago pondweed vegetation production from pens, by treatment, 
receiving waterfowl use of certain intensities, Unit Four, 
Bear River Migratory Bird Refuge, summer , 1967. 
Treatment Pen 
2 
2 
2 
3 
2 
4 
2 
5 
2 
Weight of vegetation 
per sq. foot 
1.29 
3.67 
5.12 
5.17 
7. 13 
6.92 
6.88 
8. 38 
6. 77 
7. 28 
Standard 
error 
0.136 
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Table 22. Sago pondweed seedhead production mean s from pens rece1ving 
waterfowl use of ce rta1n 1ntens it1es, Un1t Fou r, Bear River 
M1gratory Bi rd Refuge, summer, 1967 . 
Treatment 
Numbe rs of seedheads 
pe r 4 sq . ft. sample 
0. 10 
2 0.14 
3 0.40 
4 0. iO 
5 0 . 30 
Standard 
erro r 
0.048 
Table 23. Sago pondweed seedhead production means from pens, by 
treatment, rece ivi ng waterfowl use of certain i ntensities, 
Unit Fou r , Bear Ri ver Mi grato ry Bird Refuge, summer, 1967. 
Number of seedheads Standard 
Treatment Pen per 4 sq . ft . sample error 
0.04 0.048 
2 0. 16 
2 0. 00 
2 0. 28 
3 0.04 
2 0.76 
4 0. 00 
2 0.20 
5 0.00 
2 0.60 
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Table 24. Analysis of variance for sago pondweed vegetation production, 
Unit Four , Bear River Migratory Bird Refuge., summer, 1967. 
Source of va ri ati on Degrees of freedom ~1ean squares F test va 1 ue 
Transects 
Sets/transects 
Treatments 
5 
42 
2 
Open plot vs. Enclosed plot 
Enclosed plot vs. carp plot 
Open plot vs. carp pl ot 
Error A 94 
Dates 3 
Treatments x Dates 6 
Error B 423 
Total 575 
*Significant at 5 percent level. 
**Significant at 1 percent level . 
F test tab 1 e va 1 ues ( Os t 1 e, 1963) . 
805.44 
150.76 
720.42 
1,077.36 
1 ,083.81 
0.01 
60.01 
2089.32 
23.00 
47.51 
76 .42 
F (5,94) (.95)a = 
" ( .99) 
2.29 
3.17 
1.50 
1. 76 
3.07 
3. 32 
2.60 
3. 78 
F (42,94)(.95) 
" (. 99) 
F ( 2, 94) (. 95) 
" ( .99) 
F (3,423)(.95) 
" (. 99) 
F (6,423)( .95) 
( .99) 
F (1 ,94) ( .95) 
(.99) 
= 2.10 
= 2.80 
= 3.96 
= 6.96 
13.42** 
2.51** 
12.05** 
17.95** 
18.06** 
0.00003 
44.00** 
0.49 
aValues of F for x and 94 degrees of freedom are i nterpolations 
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Table 25. Analysis of variance for sago pondweed seedhead production, 
Unit Four, Bear River Migratory Bird Refuge, summer , 1967. 
Source of variation Degrees of freedom Mean squares F test value 
Transects 5 563.23 8.69** 
Sets/transects 42 61 .13 0.94 
Treatments 2 456.86 7.05** 
Open plot vs. enclosed plot 0.11 0.002 
Enclosed plot vs. carp plot 679.73 10.00** 
Open plot vs. carp plot 696 . 97 10. 00** 
Error A 94 64.84 8. 19** 
Dates 4 414.83 1.47 
Treatments x Dates 8 74.42 
Error B 564 50.63 
Total 719 6.09 
*Significant at 5 percent level . 
**Significant at 1 percent level 
F test table values (Ostle, 1963): 
F (5,94) (.95) 2.33a F (4,564) (. 95) = 2.37 
" (.99) 3.25 (. 99) = 3.32 
F ( 42,94) (. 95) 1. 54 F (8,564) (. 95) 1. 94 
" (. 99) 1.85 " (. 99) = 2.51 
F (2,94) (. 95) 3. 11 
" ( . 99) 4.87 
F (1 .;,4) (. 95) 3.96 ( . 99) 6.96 
aValues ofF for x and 94 degrees of freedom are interpolations. 
Table 26 0 Analysis of variance for sago pondweed tuber production, 
Unit Fou r, Bear Ri ver Migratory Bird Refuge, 1967-680 
Source of variation Degrees of freedom Mean squares F test values 
Transects 
Sets/transects 42 
Dates 5 
Soi 1 le vels 3 
Dates x soil levels 15 
Error A 1 ,081 
Cores/plots 864 
Error B 2, 592 
Tot a 1 4 ,607 
*Significant at percent level o 
**Significant at percent level 0 
F test table values (Ostle, 1963); 
l9 o39 
3ol2 
43o06 
33o04 
3o60 
1.89 
1014 
0051 
1.07 
F (5, 1081) ( o95) 
" (o99) 
F ( 42,1 081 }( 0 95) 
" (o99) 
F (5, 1081) ( 0 95) 
" ( 0 99) 
F (3, 1081) (o95) 
" ( 0 99) 
F ( 15,1081 ) ( 0 95) 
" (o99) 
F(864, 2592 )(o95) 
" " (o99) 
l0o05** 
1 o65** 
22o78** 
17 o48** 
lo 90* 
2o24** 
2o2l 
3002 
l. 39 
1.59 
2 o2l 
3o02 
2060 
3o78 
1 0 67 
2o04 
1.00 
1.00 
99 
100 
Table 27. Analysis of variance for sago pondweed tuber production for 
dates, Unit Four, Bear River Migratory Bird Refuge, 1967-68. 
Source of variat i on Degrees of freed om Mean squares F test values 
Dates 43.06 22.80** 
June, 1967 vs. August 152.40 80.63** 
August vs. October 6.49 3.43 
October vs. November 34.55 18.28** 
Novembe r vs. Ap ril , 1968 3. 11 1. 65 
April, 1968 vs . June, 1968 5.53 2.93 
June, 1967 vs . October 96.00 50.79** 
June, 1967 vs. November 15. 36 8.13 
June, 1967 vs 0 Apri 1, 1968 4.65 2.46 
June 1967 vs. June, 1968 20.31 10. 75** 
August vs 0 November 124.14 65.68** 
August vs 0 April , 1968 103. 83 54.98** 
August vs . June, 1968 61.44 32.51** 
October vs . Apri 1, 1968 58.41 30.90** 
Oc tober vs. June, 1968 27.99 14.81** 
Error A 1 ,081 1.89 
*Significant at 5 percent level . 
**Significant at percent level . 
F test table values (Ost1e, 1963): F (5, 1081) (.95) 2.21 
( .99) 3.02 
F (1, !,081) ( .95) 3.84 (.99) 6.63 
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Table 28. Analysis of variance for sago pondweed tuber production, 
Unit Four, Bear River Migratory Bird Refuge, October, 1967. 
Source of variation Degrees of freedom Mean squares F test values 
Transects 5 
Sets/ transects 42 
Trea tments 2 
Open plots vs enclosed plot 
Enclosed plot vs. carp plot 
Open plot vs . carp plot 
Levels 3 
Treatments x levels 6 
Error 499 
Total 557 
*Signifi ca nt at 5 percent level. 
**Signi f icant at 1 percent level . 
6.46 
2.53 
6. 12 
12 .61 
5. 56 
1.42 
10.51 
0.73 
0.98 
1. 22 
F test tab l e values (Ostle, 1963): F (5,500) (.95) 2.21 
" ( . 99) 3. 02 
F ( 42,500) ( . 95) l. 39 
" ( . 99) 1. 59 
F (2,500) ( . 95) 3.00 
" ( . 99) 4.61 
F (1:500) (.95) 3.84 
( .99) 6.63 
F (3,500) ( .95) 2.60 
" (.99 ) 3. 78 
r. (6.~500) ( .95) 2.10 ( . 99 ) 2.80 
6. 59** 
2.58** 
6. 24** 
12.87** 
5.67* 
l. 45 
10. 72 ** 
0.07 
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Table 29. Regress ion ana lysis of sago pondweed vegetation production 
and water level, Unit Fo ur, Bear River Migratory Bird 
Refuge, summer, 1967. 
Mean So urce of 
variation 
Degrees of 
freedom sq uares Variab l e Coeffici ent Average 
Total 47 
Water level 
Model 
Error 46 
103.16 
888. 18 
888.18 
86.09 
Bo 
B2 
R2 = 0. 18 Correla tion coefficien t 0.43 
Det = 219 . 98 
Vegetation= -5.49 + 2.01 (water level) 
-5.49 13.56 
2.01 9.48 
Table 30. Regression analysis of ·sago pondweed seedhead production 
and water ·level, Unit Four, Bear River Migratory Bird 
Refuge, summer, 1967 . 
Source of 
variation 
Total 
Water 1 evel 
Model 
Error 
R2 = 0. 001 
Det. = 571. 96 
Degrees of 
freedom 
95 
94 
Correlation 
Mean 
squares Variab l e Coeffi cient Average 
93.21 Bo 4.35 3.28 
9.08 B2 -0.1 3 8. 52 
9.08 
94.11 
coefficient= -0.032 
Seedheads = 4. 35 - 0.13 x water level 
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Table 31. Regression analysis of sago pondweed tuber productio n and 
water level, soil level one, Unit Four, Bear River Migratory 
Bird Refuge, 1967. 
Source of Degrees of Mean 
var·iation freedom squares Variable Coefficient Average 
Total 335 l. 83 Bo 0.88 0. 60 
Water level 7.60 B2 -0.04 7.18 
Model 7.60 
Error 334 1.81 
R2 = 0.01 Corre lation coefficient -0.11 
Det. = 5036 . 64 
Tubers at level one 0.88- 0.04 (water level) 
Table 32. Regression analysis of sago pondweed tuber production and 
water level, soil level two, Unit Four, Bear River Migratory 
Bird Refuge, 1967. 
Source of Degrees of Mean 
variation freedom squares Variab l e Coefficient Average 
Total 335 16.19 Bo 3.02 2.01 
Water level 99.72 B2 -0.14 7.18 
Model 99.72 
Error 334 15.94 
R2 = 0.02 Corre 1 ati on coefficient -0.14 
Det. = 5036.64 
Tubers at level two 3.02 - 0. 14 (Water level) 
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Table 33. Regression analysis of sago pondweed tuber production and 
water level, soil level three, Unit Four, Bear River 
Migratory Bird Refuge, 1967. 
Degrees of Mean Source of 
variation freedom squares Variable Coefficient Average 
Total 335 787,866.60 Bo 462.09 872.41 
Water level 
Model 
Error 334 
1 ,646,966. 00 
1,646,966.00 
740,915.20 
R2 = 0.06 Correlation coefficient = 0.25 
Oet. = 5036.64 
B2 
Tubers at level three 462.09 + 57. 18 (water level ) 
57 .1 8 7.1 8 
Table 34. Regression analysis of sago pondweed tuber production and 
water level, soil l eve l four, Un it Four, Bear River Migratory 
Bird Refuge, 1967 . 
Source of Degrees of Mean 
variation freedom squares Variable Coefficient Average 
Total 335 5.76 Bo 1.81 1.63 
Water l evel 3. 37 B2 -0.03 7. 18 
Model 3.37 
Error 334 5.76 
R2 = 0.002 Correlation coefficient -0.42 
Det. = 5036.64 
Tubers at level four = 1.81 - 0.03 (water level) 
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Table 35. Analysis of variance for sago pondweed production 
from pens receiving waterfowl use of certain intensities, 
Unit Four, Bear River Migratory Bird Refuge, spring, 1968. 
Source of variation Degrees of freedom Mean squares F test value 
Treatments 4 
Treatment vs 2 
2 vs 3 
vs 3 
vs 4 
vs 5 
2 'IS 4 
2 vs 5 
3 vs 4 
3 vs 
4 vs 5 
Pens/treatments 5 
Locations 24 
Treatments x locations 100 
Error 120 
Total 249 
*Significant at 5 percent level. 
**Significant at percent level. 
F test table values (Ost]e, 1963): 
F(4,120) ( .95) 
" ( .99) 
F(5, 120) ( .95) 
" " ( .99) 
F ( 24, 120) (. 95) 
" " ( .99) 
2.45 
3.48 
2.29 
3 . 17 
1.61 
1. 95 
46.93 
6.76 
110 .25 
62.41 
1. 10 
24.51 
13.33 
5.53 
46.93 
165 .13 
36.00 
26.92 
2.40 
4.11 
2.10 
3.44 
F(l ,120) (.95) 
" " (. 99 } 
F ( 1 00,120 )( . 95) 
" " (. 99) 
22.20** 
3.22 
52.50** 
29.72** 
0.52 
11. 67** 
5.35* 
2.63 
22.35** 
78.62** 
17. 14** 
12.80** 
3.92 
6.85 
l. 37 
1. 56 
1.14 
1. 96** 
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Tabl e 36. Analysis of variance for sago pondweed vegetation production 
comparing treatment replicat1ons from pens receiving waterfowl 
use of certain intensities, Unit Four, Bear River Migratory 
Bird Refuge, spring, 1968. 
Source of variation Degrees of freedom Mean squares F test values 
Pens/treatments 
Pens /treatment 
Pens/ treatment 2 
Pens/treatment 3 
Pens/treatment 4 
Pens/treatment 
Err·or 120 
*Signifi cant at 5 perce nt l evel. 
**Signifi cant at percent l eve I . 
F test table values (Ostle, 1963): 
26.92 
16.82 
2.53 
4. 58 
38.71 
62.26 
2. 10 
F (5,120) 
" 
(.95) 
( .99) 
(. 95) 
( .99) 
2.29 
3. 17 
3.92 
6.85 
12.80** 
8.01** 
1.20 
2. 18 
18. 43** 
29.65** 
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Table 37. Analysis of variance for sago pondweed vegetation production 
from pens rece1v1ng waterfowl use of certain intensities, 
Unlt Four, Bear River Migratory Bird Refuge, summer, 1967. 
Source of variat1on Degrees of treedom Mean squares F test va l ues 
Treatments 
vs 2 
2 vs 3 
vs 3 
vs 5 
2 vs 5 
3 vs 5 
4 vs 5 
Pens/treatments 
Error 
Total 
4 
5 
240 
249 
*Significant at 5 percent level. 
**Significant at percent level. 
F test table values (Ostle, 1963): 
222 .41 48.00** 
178.28 38.41** 
88.36 19.04** 
517.57 111.15** 
515.29 111 .05** 
87.43 18. 84** 
0.01 0.002 
9. 31 2.01 
20.56 4.33** 
4.64 
8.46 
:.(4,~40) (. 95) 2.37 ( .99) 3. 32 
F(5,240) ( .95) 2.21 
II ll i .99) 3.02 
F(l ,240) .95) 3.92 
II II ( .99) 6.85 
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Table 38. Analysis ot variance for sago pondweed vegetation producti on 
comparing treatment repl1cat 1ons from pens receiving 
waterfowl use of certa1n 1ntens1t1es, Unit Four, Bear River 
Migratory 81rd Refuge, summer, 1967 . 
Source of var1ation Degrees ot freedom Mean squares F test va l ue 
Pens/treatments 5 
Pens; treatment 
Pens/treatment 2 
Pens/treatment 3 
Pens/treatment 4 
Pens/treatment 5 
Error 240 
*Significant at 5 percent level 
**Significant at percent level. 
F tes t tab le va l ues (Ostle, 1963): 
20.56 
70.80 
0.03 
0.55 
28.13 
8.46 
F (5,240) 
" 
F ( 1 ,240) 
" 
3.25 
(. 95) 
(.99) 
( .95) 
( .99) 
4.33** 
15.26** 
0.01 
0.12 
6.06* 
0.70 
2.21 
3.02 
3.84 
6.63 
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Table 39. Analysis of variance for sago pondweed seedhead compari ng 
treatment replicat1ons from pens receiving waterfowl use of 
certain 1ntens1ties, Un1t Four, Bear R1ver Migratory Bird 
Refuge, summer, 1967 . 
Source of variation Degrees ot freedom Mean squares F test values 
Treatment 4 0.92 l. 59* 
vs 2 0.04 0.07 
2 vs 3 1.69 2.92** 
vs 3 2.25 3.88*** 
vs 5 1.00 1.72 
2 vs 5 0.64 1.10 
3 vs 5 0.25 0.43 
4 vs 5 1.00 1.72 
Pens/treatments 12.64 4.36**** 
E;rror 240 0.58 
Total 249 0.62 
*Si gni fi cant at 25 percent level. 
**Significant at 10 percent level . 
***Significant at 5 percent level. 
****Significant at 1 percent level . 
F test table values (Ostle, 1963): F (4,240)(.75) l. 34 
" (.95) 2.37 
(. 99) 3.32 
F (5,240)(.95) 2.21 
" ( . 99) 3.02 
F (1 ,240)( .90) 2. 71 
" (.95) 3.84 
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Table 40. Analysis of var1ance tor sago pondweed seedhead production, 
comparing treatment repl1cat1ons tram pens receiving 
waterfowl us e ot certa1n lntens1t1es, Un1t Four, Bear River 
Migratory Bird Refuge, summer , 1967. 
Source of variation Degree' ot freedo m Mean squares F test value 
Pens /treatments 
Pens/treatment 
Pens/treatment 2 
Pens/treatment 3 
Pens/treatment 4 
Pens/treatment 5 
Error 
5 
240 
*Signifi cant at 5 percent level. 
**Significant at percent level. 
· F test table values (Ostl r>, 1963): 
12.64 
0.18 
0.98 
6.48 
0.50 
4.50 
0.62 
(5 ,240) 
" 
F (1 ,~40) 
(.95) 
(. 99) 
( . 95) 
( .99) 
4.36** 
0. 31 
1. 69 
11 . 17** 
0.86 
7.76** 
2.21 
3.02 
3.84 
6.63 
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Table 41. Regression analysis of sago pondweed tuber production and 
water level, soil level one, Unit Four , Bear River Migratory 
Bird Refuge, fa 11, 1967. 
Source of Degrees of Mean 
v~.riation freedom squares Variable Coeff1 ci ent Average 
Total 143 l. 57 Bo 0.40 0.58 
Water level 0.61 B2 0.02 7.42 
Model 0. 61 
Error 142 1.58 
R2 : 0.003 correlation coeff1c1ent = 0.05 
Det. = 985.16 
Tubers at level one 0.40 + 0.02 (water l evel) 
Table 42. Regression analysis of sago pondweed tuber production and 
water le vel , soil level two, Unit Four, Bear River Migratory 
Bird Refuge, fa 11, 1967. 
Source of Degrees of Mean 
variation freedom squares Variable Coefficient Average 
Total 143 10.90 Bo 1. 57 1.87 
Water level 1 .55 B2 0.04 7.42 
Mode l 1. 55 
Error 142 10.96 
R2 = 0.01 correlat1on coefficient 0.03 
Det. = 958.16 
Tubers at leve l two 1.57 9 0.04 (water level) 
Table 43. Regress1on analys1s ot sago pondweed tuber production and 
water level, so1l level three, Un1t Four, Bear River 
Migratory B1 rd Refuge, tall, 1967. 
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Source of 
variation 
Degrees of 
freedom 
Mean 
squares Var1able Coeffir.ient Average 
Total 
Water level 
Model 
Error 
R2 = 0.01 
Det. = 985.16 
143 
142 
896,218.10 
1,678,845.00 
1,678,845.00 
890,706.60 
Bo 
B2 
974.09 
- 41 .28 
correlat1on coeff1c1ent ~ -0.11 
Tubers at level three 974.09- 41.28 (water level) 
66 7. 63 
7.42 
Table 44. R~gression analys1s ot sago pondweed tuber production and 
water level, sci 1 level four, Unit Four, Bear River 
Migratory Bird Refuge, fall, 1967. 
Source of Degrees ot Mean 
variation freedom squares Var1able Coefficient Average 
Total 143 7.29 Bo 1.43 2.02 
Water level 6.29 B2 0.08 7.42 
Model 6.29 
Error 142 7.30 
R2 = 0.006 correlation coeffi c1 ent 0.08 
Det. = 985.16 
Tubers at l eve l four 1.43 T 0.08 (water level) 
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